Abstract. An energy internet is designed for the biggest wastes recycling center in Shanghai, Laogang solid waste recycling base. For better monitoring and analysis of the energy internet, a data acquisition equipment is designed and fabricated basing on CAN communication. Except for data collecting, it is able to do preliminary calculation and upload the processed data to the corresponding cloud platform for further analysis. This cloud platform will realize real-time monitoring as well as display power analysis. Through the whole system, the energy internet will function well and improve the energy efficiency and make full use of the solid wastes.
Introduction
Laogang solid waste recycling base is the biggest garbage disposal place in Shanghai. It deals with nearly 70% household refuse of this city every day, and the main handling method is landfill and incineration. During the process of solid waste treatment, there is recycling of energy in many different ways. Take landfill as an example, it will produce landfill gas as and leachate, which can produce methane, while dealing with the wastes. This kind of recycling method is an epitome of the base, and for this reason, the base is able to get pretty much energy from the wastes [1] .
Recently, as its concept spread, an energy internet in under construction basing on the multi-energy system in Laogang base. Three major energies there are electricity, heat and methane. The energy internet is aiming at the comprehensive utilization of different kinds of energy and thus, makes full use of the solid wastes through the recycling process. It will not only connect the three energy networks, but also combine supply and demand side so that production and consumption will be an organic whole, and both the environment protection and economy of wastes recycling will be promoted [2] [3] .
However, in order to take full control of the energy internet, a data acquisition equipment is designed to collect detailed data from the monitoring point selected in the base. This equipment covers the collection of three-phase voltage and current, and it can calculate power, power factors, harmonics and so on. As a corresponding facility, a cloud platform has been constructed to monitor and analyze the data preliminarily processed. It has been examined that the cloud platform can work stably and accurately with the data acquisition equipment. Therefore, real-time monitoring and big data analysis for Laogang base are realized by the application of these two achievements [4] [5] .
Monitoring Condition of the Base
Basically, the recycling process is landfill, leachate treatment and incineration together with biogas storage, biogas power, photovoltaic power and many other supporting energy resources. Although there are many forms of energy, the first and foremost one is always electricity, for the use and measurement of electricity have now experienced the test of time. Furthermore, by measuring electricity of different devices, the process of heat and gas can also be determined. Thus, the data acquisition equipment is aiming at the electricity network in the energy internet. As shown in Table 1 . Both generation and utilization units are included in the monitoring plan, for either side is essential for the operation of the energy internet. Generally speaking, the generation units mainly includes waste incineration plat, biogas plant, photovoltaic power plant and wind power plant. Among them, PV and wind power are renewable power generation units. Incineration plat burns dry wastes, and biogas plant uses biogas from leachate treatment plant to generate electricity. On the other hand, most large facilities will consume electricity. For example, the biological reaction in leachate treatment plant, which uses the most electricity, will consume a great amount of energy. Similarly, garbage wharf and management center are also important monitoring point with large electricity consumption. The base itself will not use up the energy it produced, so the rest will be sold to Shanghai Power Company at a reasonable price after negotiation. Figure 1 is the picture of the main board of the data acquisition equipment. It is able to collect and process data from the base, after which processed data will be sent to the cloud platform for further analysis and interaction with the users.
The Data Acquisition Equipment
The data acquisition equipment consists of chips AD7606, TMS320F28335, CTM1050T, MAX1487 and DS1307.
First of all, AD7606 is a 16-bit synchronous sampling AD chips with a sampling rate of up to 200 kHz. It will collect 8 analog quantity including three-phase voltage, current and two auxiliary quantities. Then, TMS320F28335 works as a powerful digital signal processor that handles the output from AD7606 and integrates it with FLASH storage, AD converter, Enhanced CAN module and peripherals like Multi-channel buffer serial ports. This controller also has a number of unique functions, such as the ability to read, modify and write in any memory location. C/C++ is used to compile the software, and it is rather simple and efficient.
After that, CTM1050 is a high-speed CAN transceiver chip with isolation. This ship is integrated with all necessary CAN isolation, CAN receiving and sending devices. Its main function is to convert the logic level of the CAN controller to the differential level of CAN bus, and it also have the DC 2500V isolation and ESD protection capacity.
Finally, DS1307 will accomplish the clock circuit with BCD code for access and provide clock calendar data of seconds, minutes, hours, weeks, days, months and years. MAX1487 is a low-power transceiver for RS485 communication with a driver and a receiver in each device.
As shown in Figure 2 , the connection of these chips will realize data acquisition, process and uploading in a single device. As one of the most widely used fieldbus in the world, CAN (Controller Area Network) will be in sending state when its CPU gives it the data to send and its own identifier. Other stations will be in accepting status, and they will detect whether the data are sent to them. It is easy to establish high-quality control system, for CAN is a content-oriented addressing scheme. After receiving and saving the data from the data acquisition equipment every 30 seconds, the cloud platform will analyze these data and exhibit them. Figure 3 shows the interface of monthly electricity consumption analysis, which contains electricity situation table, electricity consumption statistics and electricity consumption table for both active and reactive energy. Year-on-year growth rate and link growth rate are used to quantize the variation trend of electricity consumption. Average and minimum power factor, average and maximum daily electricity consumption are also calculated for statistics and analysis. Users can select which data to show on the chart or curve, and different periods of time like day, year, quarter are available for detailed information [6] . In addition, many more functions are included in the cloud platform. As shown in Figure 4 , the envelope line of electricity consumption is drawn for daily consumption analysis. Besides, the comparison of power consumption and weather condition is also included. The correlation coefficient will be calculated for the forecast of electricity consumption.
Cloud Platform and Analysis
Apart from electricity consumption, there are power, power quality, harmonics and transmission losses analysis as well. Through these functions, the cloud platform will not only help improve the stability and reliability of the system, but also satisfy both demand and supply side.
Summary
The data acquisition equipment and cloud platform have passed a long time of operation, so they are accurate and stable enough to accomplish the monitoring and analysis of the energy internet in Laogang base. The main contribution of this paper:
1.
Made a monitoring plan of Laogang base basing on the current situation of its electricity network, and established a monitoring and analysis system for it.
2.
On the basis of CAN, designed and fabricated a data acquisition equipment to collect and process the data from Laogang base. The information will be sent to the cloud platform for further analysis.
3. Designed and built a cloud platform for both users and administrators to monitor the operational aspect of the base and analyze the data collected to provide better operation mode in the future.
The construction of energy internet in Laogang base is not finished yet, more functions like real-time prices are not complete as well. However, the whole system designed for the energy internet will certainly increase the recycling and energy efficiency and provide assistance for the development of energy internet.
